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Aortic regurgitation associated with hypertrophic
cardiomyopathy: a colour Doppler echocardiographic
study
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suMMARY The frequency, severity, and cause of aortic regurgitation were assessed by colour
Doppler and cross sectional echocardiography in 87 patients (mean (SD) age 57 (12) years) with
hypertrophic cardiomyopathy, and 48 age matched controls (57 (8) years). Aortic regurgitant

murmurs were recorded in only three of 87 patients and in none of the controls. Colour Doppler
echocardiography showed an aortic regurgitant signal in 20 (23%) ofthe patients and three (6%) of
the 48 controls. The colour Doppler signals typical of aortic regurgitation were limited to the left
ventricular outflow tract. There wereno signiiicant differences between patients with hypertrophic
cardiomyopathy with and without aortic regurgitation in terms ofage (59 years v 56 years), blood
pressure (140/84 mm Hg v 136/80 mm Hg), aortic diameter (34 mm v 33 mm), or frequency of
calcification ofthe aortic valve (15% v 10%) and ofsystolic anterior motion ofthe mitral valve with
mitral-septal contact (25% v 16%). On cross sectional echocardiograms, the degree of septal
protrusion into the left ventricular outflow tract during systole was significantly more prominent
(15 v 10 mm), and the portion of the basal septum that protruded most deeply into the left
ventricular outflow tract was significantly closer to the aortic annulus in patients with aortic
regurgitation than in those without it (11 v 14 mm).
Mild aortic regurgitation was found in almost a quarter of patients with hypertrophic

cardiomyopathy. The regurgitation was related to the morphological abnormality of the left
ventricular outflow tract.

In hypertrophic cardiomyopathy, aortic regurgita-
tion has long been thought to be rare. Before the era
of echocardiography, only a few reports reported
such as association"2 and we had treated only one
patient with both conditions. In this patient an aortic
regurgitant murmur developed gradually. Even now
that echocardiography is widely used there are still a
few reports of such cases3 4 and even fewer reports of
the incidence and cause of aortic regurgitation in
patients with hypertrophic cardiomyopathy.' We
assessed the frequency, severity, and cause of aortic
regurgitation in patients with hypertrophic car-

diomyopathy by cross sectional and colour Doppler
echocardiography.
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Patients and methods

SELECTION OF PATIENTS
We evaluated 91 consecutive patients with hyper-
trophic cardiomyopathy in the Second Department
of Internal Medicine, University of Tokyo, between
January 1985 and May 1987. The diagnosis of
hypertrophic cardiomyopathy was made in each
patient by the echocardiographic visualisation of a
non-dilated hypertrophic left ventricle and asym-
metrical septal hypertrophy without any other
known causes ofhypertrophy.6 In all 91 patients, the
interventricular septal thickness was more than
15 mm and the ratio of the septal thickness to the
posterior wall thickness in diastole was greater than
1-3. One patient with symmetrical hypertrophy and
one patient with apical hypertrophy were not

included in the study group because ofthis diagnostic
criteria. Four patients with apical hypertrophy,
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however, were included in the series because they
had additional septal hypertrophy. Of 91 patients,
two elderly women and two middle aged men were
excluded because ofinadequate colour flow patterns.
We report on the remaining 87 patients with hyper-
trophic cardiomyopathy (63 men and 24 women,
mean age 57 (12) years and 48 age matched controls
(32 men and 16 women (57 (8) years)). None of the
controls had a history of cardiac disease or systemic
hypertension or were on medication at the time of
study. They all had a normal 12 lead electrocar-
diogram, normal chest x ray films, and normal
physical findings.

PHONOCARDIOGRAPHY
Careful auscultation was performed to detect an
aortic regurgitant murmur in each subject before the
phonocardiographic emination. The auscultatory
findings were confirmed by recording a high-pitched
diastolic murmur at the point ofmaximum intensity
with a high quality multichannel phonocardiograph
or Siemens Mingograph 82.

COLOUR DOPPLER ECHOCARDIOGRAPHY
Colour Doppler, cross sectional, and M mode
echocardiographic exinations were performed
with Aloka SSD 880,860, or 870 with 2-5 or 3-5MHz
transducers. Subjects were routinely studied in the
left lateral position. The aortic regurgitant jet was
sought on multiple planes in each subject, including
parasternal long axis and short axis and apical long
axis four chamber views. In each view, the transducer
was carefully oriented to show maximally the re-
gurgitant jets. Aortic regurgitation was considered to
be present when an abnormal diastolic flow origina-
ting from the aortic valve was visualised in the left
ventricle. Diastolic flow was identified as abnormal
either because there was flow in an abnormal direc-
tion (that is, away from the aortic valve during
diastole) or because of a mosaic pattern indicating
turbulent flow.

CROSS SECTIONAL ECHOCARDIOGRAPHY
On cross sectional echocardiograms, calcification of
the aortic valves and systolic anterior motion of the
mitral valve with mitral-septal contact were sought
on multiple planes.

MEASUREMENTS OF D. AND D. (fig 1)
On the parasternal long axis view in systole, a line
connecting the two points of the origin of the aortic
valve was used to locate the plane of the aortic
annulus (A-A'). From the point of right coronary
cusp origin (A), a line (B) was drawn along the aortic
long axis which was vertical to the line of the aortic
annulus (A-A'). The distance (D,) from the point of

Fig 1 Measurements ofD, and D2. On the parasternal long
axis view in systole, a line connecting the two points of the
origin of the aortic valve was used to locate the plane of the
aortic annulus (A-A'). From the point of right coronary
cusp origin (A), a line (B) was drawn along the aortic long
axis which was vertical to the aortic annulus (A-A'). The
distance (D,) from the point at which the interventricular
septum protruded most deeply into the left ventricular
outflow tract (C) to the line B was measured, as was the
distance (D2) from the point C to the aortic annulus line
(A-A'). AO, aorta; IVS, interventricular septum; LA, left
atriun, LV, left ventricle; PW, left ventricular posterior
wall; RV, right ventricle.

the interventricular septum that protruded most
deeply into the left ventricular outflow tract (C) to the
line B was measured. The distance (D,) from the
point C to the aortic annulus line (A-A') was also
measured. Then D, was calculated as a percentage
of D2.

M MODE ECHOCARDIOGRAPHY
Standard M mode echocardiograms were recorded
from the parasternal window on a strip chart at a
paper speed of 50 or 100 mm/s according to the
recommendations of the American Society of
Echocardiography.7 The following were measured:
left ventricular end diastolic dimension, left ven-
tricular end systolic dimension, end diastolic left
ventricular posterior wall thickness, end diastolic
interventricular septal thickness, aortic root
diameter, and left atrial dimension. The ratio of end
diastolic interventricular septal thickness to end
diastolic left ventricular posterior wall thickness was
calculated.
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Fig 2 Phonocardiograms of a patient with hypertrophic
cardiomyopathy. An aortic regurgitant murmur was not

detected at the age of 15 (upper panel), while high-pitched
diastolic murmur was recorded at thefourth left intercostal
space at the age of30 (lower panel).

Blood pressure was measured at the time of the
study by the standard cuff method with an

appropriately sized cuff.

STATISTICAL ANALYSIS
Data were expressed as mean (SD). Group data were
compared by Student's t test or a X2 test. Variability
was expressed as the percentage error of each
measurement and was determined as the difference
between the two observations divided by the mean
value ofthe two observations. A probability (p) value
of < 0.05 was regarded as statistically significant.

Results

AN ILLUSTRATIVE CASE
A 15 year old boy with hypertrophic obstructive

cardiomyopathy was referred to our department in
1971 because ofan illness discovered in 1964. He had
a loud systolic ejection murmur with late peak
intensity and fourth heart sound and no diastolic
regurtant murmur in the initial phonocardiogram
(fig 2, upper panel).Ahigh pitched diastolic murmur
gradually appeared during the next 10 years.

Phonocardiography showed the diastolic murmur in

1986 (fig 2, lower panel). An aortic regurgitant signal
was recognised by colour Doppler echocardiography
(fig 3).

FREQUENCY OF AORTIC REGURGITATION IN

PATIENTS WITH HYPERTKOPHIC
CARDIOMYOPATHY AND IN CONTROLS

An aortic regurgitantmurmurwas heard or recorded
in only three (3%) of 87 patients with hypertrophic
cardiomyopathy and in none in the controls. Colour
Doppler echocardiography showed aortic regur-

gitant signals in 20 (23%) of 87 patients with
hypertrophic cardiomyopathy and in three (6%) of
the 48 controls. The colour Doppler signals of aortic
regurgitation were restricted to the left ventricular
outflow tract in patients with hypertrophic car-

diomyopathy and the controls.

COMPARISON OF PATIENTS WITH
HYPERTROPHIC CARDIOMYOPATHY WITH

AORTIC REGURGITATION AND WITHOUT (table)
There were no statistically significant differences

Table Comparison of clinical and echocardiographic data
in patients with hypertrophic cardiomyopathy with aortic
regurgstation and without

HCMwith AR HCM without AR p value

n 20 67 NS
Age (yr) 59 (13) 56 (13) NS
sBP (mm Hg) 140 (22) 136 (24) NS
dBP(mm Hg) 84 (19) 80 (14) NS
AOD (mm) 34 (5-2) 33 (3-6) NS
LAD (mm) 42 (6-3) 43 (6-0) NS
LVDs (mm) 29 (6-4) 26 (5-7) NS
LVDd (mm) 46 (6-0) 44 (5-2) NS
IVS (mm) 21 (5-0) 21 (5-3) NS
LVPW (mm) 13 (3-0) 12 (2.2) NS
IVS/LVPW 1-6 (0-2) 1.7 (0-4) NS
Cal ofAV 3/20 (15%) 7/68 (10%) NS
SAM 5/20 (25%) 11/68 (16%) NS
D, (mm) 15 (5-0) 10 (3-7) <0-001
D2 (mm) 11 (6.1) 14 (3-9) <0-001
D,1D2M(%) 165 (72) 74 (31) <0-001

AR, aortic regurgitation; AOD, aortic root diameter; Cal of AV,
calcification of the aortic valve; dBP, diastolic blood pressure;
LAD, maximum left atrial size; LVDd, end diastolic left
ventricular dimension; LVDs, end systolic left ventricular
dimension; LVPW, end diastolic left ventricular posterior wall
thickness; HCM, hypertrophic cardiomyopathy; IVS, end
diastolic ventricular septal thickness; SAM, systolic anterior
motion of the mitral valve with mitral-septal contact; sBP, systolic
blood pressure; D, and D2 are defined in fig 1.
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Fig 3 Colour Doppler echocardiogram showing aortic regurgitant signal in the left ventricular outflow tract in the
same patient asfig 2.

between most variables in patients with hypertrophic
cardiomyopathy who had aortic regurgitation and
those who did not. These were age, blood pressure,
left ventricular end diastolic dimension, left ven-
tricular end systolic dimension, end diastolic left
ventricular posterior wall thickness, end diastolic
interventricular septal thickness, the ratio of end
diastolic interventricular septal thickness to end
diastolic left ventricular posterior wall thickness,
aortic root diameter, left atrial dimension, or
frequency of aortic valve calcification or systolic
anterior motion of the mitral valve with mitral-septal
contact.

In the parasternal long axis view, D, was sig-
nificantly longer (15 (5-0) v 10 (3-7) mm, p < 0-001,
fig 4 left panel) and D2 was shorter (1 1 (6-1) v 14 (3-9)
mm, p < 0-001, fig 4 middle panel) in patients with
aortic regurgitation than those without aortic regur-
gitation. The ratio of D1 to D2 was significantly
greater in patients with aortic regurgitation than
those without it (165 (72) v 74 (31)%, p < 0-001, fig 4
right panel). These data indicate that the basal

septum protruded more into the left ventricular
outflow tract, and the point of the septum that
protruded most was closer to the aortic valve in
patients with aortic regurgitation than in patients
without it (fig 5).

REPRODUCIBILITY OF MEASUREMENTS OF Di
AND D2
Two independent observers repeated measurements
of D, and D2 to determine intraobserver and inter-
observer variability. Each observer measured D, and
D2 using an appropriate still frame without
knowledge of his previous measurement or that of
the other observer. Mean percentage intraobserver
variability was 2% for D, and 3% for D2. The
correlation coefficient for D, was 0-98 and for D2 it
was 0-97. Interobserver variability (and correlation
coefficients) for D, and D2 were 4% (0 93) and 5%
(0-88), respectively. Therefore, measurements of D,
and D2 can be performed with acceptable
reproducibility.
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Fig 4 D,, D2, and D,/D2 in patients with hypertrophic cardiomyopathy (HCM) who had aortic regurgitation (AR) and
those who did not.

Discussion

FREQUENCY AND SEVERITY OF AORTIC
REGURGITATION IN HYPERTROPHIC
CARDIOMYOPATHY
Teare and others have described diastolic murmurs
in patients with hypertrophic cardiomyopathy."'0
Most of these reports, however, dealt with diastolic
rumbles, presystolic murmurs, and third or fourth
sounds. A high-pitched diastolic murmur caused by

Septum

Aorta

HCM with AR

aortic regurgitation was rarely reported. Frank and
Braunwald reported that seven of 126 patients with
idiopathic hypertrophic cardiomyopathy had dia-
stolic murmurs best heard at the apex in all."
Barlow and Pocock described how aortic annular

distortion caused by asymmetric myocardial hyper-
trophy led to aortic regurgitation in a few patients.
The murmurs were soft and short and the regurgita-
tion was slight.'2 However, the prevalence was not
analysed statistically.

Aorta

HCM without AR

Fig 5 Schematic model of the interventricular septum and aortic root based on the data of D, and D2. The basal
septum protruded more deeply into the left ventricular outflow tract and the point of the septum that protruded most
deeply into the left ventricular outflow tract was closer to the aortic valve in patients with aortic regurgitation than in
those without it. Arrows indicate the direction of ejectionflow.
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In the present study, colour Doppler echocardio-
graphy showed that aortic regurgitation was not
uncommon in patients with hypertrophic cardio-
myopathy. Signals of aortic regurgitation were
limited to the left ventricular outflow tract, suggest-
ing that the degree of the regurgitation was mild.
This is probably the reason why this association has
rarely been detected by auscultation, phonocardio-
graphy, or conventional echocardiography. In 1987
Theard et al reported that conventional pulsed
Doppler echocardiography detected mild aortic
regurgitation in nearly a third of patients with
hypertrophic cardiomyopathy.5

POSSIBLE CAUSE OF AORTIC REGURGITATION IN
PATIENTS WITH HYPERTROPHIC
CARDIOMYOPATHY
Barlow and Pocock suggested that morphological
abnormality, that is, distortion of the aortic annulus
caused by asymmetrical myocardial hypertrophy can
result in aortic regurgitation.'2 The data on D, and D,
and the ratio of DI and D2 in the present study
support this hypothesis, because the distortion ofthe
aortic annulus is thought to be more pronounced in
patients with aortic regurgitation than those without
it.
The presence of systolic anterior motion of the

mitral valve was not associated with aortic regurgita-
tion in patients with hypertrophic cardiomyopathy.
This is because the point of obstruction formed by
the systolic anterior motion of the mitral valve is far
from the aortic root and the impact of the jet stream
to the aortic root may be weak. Yock et al recently
reported that the high velocities of jets in the left
ventricular outflow tract of patients with hypertro-
phic obstructive cardiomyopathy were generally not
conducted to the aorta."3
There was no significant difference in ejection flow

velocity immediately below the aortic valve
measured by pulsed Doppler echocardiography be-
tween the patients with hypertrophic cardiomyo-
pathy who had aortic regurgitation and those who did
not. An eccentrically directed ejection flow caused by
the interventricular septum that protruded deeply
into the left ventricular outflow tract rather than flow
velocity itself might be related to the cause of aortic
regurgitation.
Although the exact cause of aortic regurgitation is

uncertain, the morphological abnormality of the
aortic root was related to the regurgitation.
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